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DESCRIPTION 

CIRCULATION-ACCELERATING LASER IRRADIATION SYSTEM 

Technical Field 

The present invention relates to a circulation- 
accelerating laser irradiation system, particularly to a 
circulation-accelerating laser irradiation system by 
which laser beams are concentratedly radiated onto a 
subcutaneous target part from positions over a skin. 

Background Art 

In recent years, in the regions of pain clinics and 
orthopaedics, ray therapeutic apparatuses such as low 
reaction level laser therapeutic apparatuses and linear 
polarized near infrared ray therapeutic apparatuses have 
been utilized as a therapeutic means for a focus present 
at a subcutaneous deep part in the cases of stiff 
shoulders, lumbago and the like. Examples of such ray 
therapeutic apparatuses include a system for irradiating 
a therapeutic target part with laser beams (Japanese 
Patent Laid-open No. 2000-187157) and a system for 
irradiating a therapeutic target part with monochromatic 
light (Japanese Patent Laid-open No. 2001-212250) . 
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Generally, these ray therapeutic apparatuses are 
known as a means for alleviating a stiffness or ache by 
irradiating the target part with light having various 
wavelengths from positions over the skin. 

As an action of the ray therapy using the ray 
therapeutic apparatus, a nerve conduction blocking effect 
has been known. On the other hand, diffusion or removal 
of pain-related substances (bradykinin, _ histamine, 
prostaglandin, etc.) and fatigue-related substances 
(lactic acid, etc.) from a local part through improvement 
of circulation is regarded as important. 

In addition, a direct relaxing effect on blood 
vessel smooth muscle has come to be known as a principal 
mechanism of the circulation improving effect. 

Besides, it has been reported that rays on the 
short wavelength side are effective for enhancing the 
effect of light. It is described, for example, in such 
references as Furchgott et al. (J. Gen. Physiol. 44:449- 
519, 1961), Furchgott et al . (J. pharmacol . expe. Ther. 
259:1140-1146, 1991) and Matsuno et al. (Laser Med. Sci. 
15: 181-187, 2000) . 

The reason for these report lies in that, while the 
wavelength of the rays used in the conventional ray 
therapeutic apparatuses is 810-830 nm in the case of 



laser and 600-1600 nm in the case of linear polarized 
near infrared rays, it has been found that the 
circulation-improving (vasodilating or the like) effect 
constituting one of the analgesic mechanisms is greater 
on the shorter wavelength side. Particularly, the above 
three references show that irradiation with ultraviolet 
rays (300-350 nm) at a very weak output relaxes blood 
vessels strongly . 

Although the conventional ray therapeutic 
apparatuses are highly evaluated in view of their little 
side effects, they are pointed out to have problems such 
as a yet insufficient desired effect and a longer 
therapeutic period . 

Furthermore, for a sufficient quantity of rays to 
reach a focus at a subcutaneous deep part (blood vessels 
in fascias or muscles under a subcutaneous fatty tissue 
in the case of muscle- or f ascias-related lumbago) from a 
position or positions over the skin, it is necessary to 
irradiate with energy at a comparatively high output. If 
irradiation with energy is conducted at a too high output, 
the surface layer part of the skin may be damaged. For 
example, the ray therapeutic apparatuses in clinical use 
include those with an output in excess of 1000 mW. 

Furthermore, the rays in the UV region of 300-350 



nm have a stimulating action harmful to the skin, and are 
low in tissue depth reaching performance, so that they 
are considered to be unsuitable for ray therapy in a 
percutaneous mode. On the other hand, the rays in the 
higher UV region and the visible region do not have any 
harmful action on the skin, but they are high in 
absorption by hemoglobin in the blood and are not good in 
tissue depth reaching performance, so that it is highly 
possible that these rays cannot show a therapeutic effect 
on a practical basis. 

The present invention has been made in 
consideration of the above-mentioned problems. 
Accordingly, it is an object of the present invention to 
provide a circulation-accelerating laser irradiation 
system by which beams with such a high wavelength as to 
show a vasodilating effect can be efficiently radiated 
onto an target part constituting a focus part. 

Summary of the Invention 

According to the present invention, there is 
provided a circulation-accelerating laser irradiation 
system including: a plurality of laser irradiation 
section by which laser beams with such a wavelength as to 
have a vasodilating action is radiated as parallel beams 



from a plurality of different directions over a skin; and 
a concentrating section for concentrating the plurality 
of laser beams radiated from the plurality of laser 
irradiation section onto a subcutaneous target part. 

According to the circulation-accelerating laser 
irradiation system of the present invention, the 
plurality of laser beams radiated from the plurality of 
laser irradiation section are condensed on the 
subcutaneous target part, so that even where the laser 
beam from each individual laser irradiation section is 
weak in output, therapeutically sufficient energy can be 
obtained at the target part. Since it suffices for each 
individual laser beam to have a weak output, the skin 
tissue irradiated with each individual laser beam can be 
prevented from being badly influenced by the laser beam, 
while the therapeutic effect on the target part (i.e., 
focus part) can be enhanced through the concentration of 
the laser beams . 

In addition, according to the present invention, 
there is provided another circulation-accelerating laser 
irradiation system including: a plurality of laser 
irradiation section by which laser beams with such a 
wavelength as to have a vasodilating action are radiated 
as pulses from positions over a skin; a holding section 



for positioning and fixing laser beam outgoing ports of 
the plurality of laser irradiation section in a radial 
pattern so that the laser beams are concentrated onto a 
subcutaneous target part; and a control section for such 
a control that laser irradiations by the plurality of 
laser irradiation section are conducted at time intervals. 

According to the another circulation-accelerating 
laser irradiation system, the laser radiation ports of 
the laser irradiation section are positioned in a radial 
pattern, and the plurality of laser irradiation section 
are so controlled as to perform irradiations with laser 
beams at time intervals. Therefore, at the target part, 
the laser beams are simultaneously concentrated, and a 
high energy can be applied. As a result, a 
therapeutically sufficient energy can be obtained at the 
target part, and the therapeutic effect can thus be 
enhanced through the concentration. 

On the other hand, at other parts then the target 
part, the laser beams from the outgoing ports are not 
concentrated, and simultaneous irradiation with the laser 
beams does not occur, so that application of a high 
energy does not take place. As a result, at the other 
parts then the target part, application of a high energy 
by the laser beams does not occur, and the skin tissues 



can be prevented from being damaged. 

Brief Description of Drawings 

Fig. 1 is a schematic diagram showing a blood 
vessel sample experiment apparatus. 

Fig. 2 is a schematic diagram showing a 
circulation-accelerating laser irradiation system 
according to a first embodiment of the present invention. 

Fig. 3 is a schematic diagram showing a 
circulation-accelerating laser irradiation system 
according to a second embodiment of the present invention. 

Fig. 4 is a diagram showing laser beam outgoing 

ports . 

Disclosure of Invention 

Now, the present invention will be described in 
detail below. 

Before describing the circulation-accelerating 
laser irradiation system according to the present 
invention, first, description will be made of the 
vasodilating action obtained by irradiation with light 
having the wavelength which is utilized in the 
circulation-accelerating laser irradiation system. 

Hitherto, it has been known that light with a 



wavelength in the UV region has a strong action of 
dilating blood vessels, but little investigation has been 

made of light with a wavelength in a visible region (400 
to 600 nm) . 

In view of this, the present inventors have made a 
comparative investigation of the vasodilating action 
obtained by irradiation with light, using a blood vessel 
enucleated from a rat, a laser beam with a wavelength of 
532 nm as a beam in the visible region, and a laser beam 
with a wavelength of 810 nm on the longer wavelength side. 

As a result, it has been found out that even the 
laser beam with a wavelength of 532 nm shows a sufficient 
vasodilating action. The method and results of this 
exemplary experiment will be shown below. 
[Blood Vessel Sample Experiment] 

Fig. 1 is a schematic diagram showing a blood 
vessel sample experiment apparatus. 

A rat was used as an animal to be tested, the rat 
was clubbed to death, followed by phlebotomy, the 
desending thoracic aorta was enucleated, and a specimen 3 
mm long and 1.5 mm in diameter was prepared as a blood 
vessel sample. 

As shown in Fig. 1, the blood vessel sample 1 is 
suspended in a organ bath 3 charged with 50 ml of Krebs- 

8 



bicarbonate solution 2, and variation in tension is 
recorded isometrically . The organ bath 3 is formed of 1 
to 2 mm thick glass sheets, and has a double structure so 
that water can be circulated along an outer peripheral 
part thereof. 

The temperature of the Krebs-bicarbonate solution 
was so controlled that the inside liquid temperature was 

33°C when water at a fixed temperature is circulated in 
the outer peripheral part of the organ bath 3. A mixed 
gas of 95% oxygen and 5% carbon dioxide is passed through 
the inside liquid. 

The composition of the Krebs-bicarbonate solution 
is 118 mM of NaCl, 4.8 mM of KC1, 2.5 mM of CaCl 2 , 1.0 mM 
of MgS0 4 , 1.2 mM of KH 2 P0 4 , 24 mM of NaHC0 3 , and 11 mM of 
glucose . 

The enucleated blood vessel has no tension; for 
checking the relaxation, therefore, the blood vessel was 
preliminarily contracted with noradrenaline (sympathetic 
nerve mediator) . 

Specifically, the blood vessel was contracted by 

use of 0.03 ii M noradrenaline, and after the contraction 
became constant, the laser irradiation experiment was 
started . 

As the laser irradiation system for a wavelength of 
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532 nm, there was used KTG Green Laser Irradiation System 
(output variable to 20 mW) produced by KTG. Co . , Ltd. 

On the other hand, as the laser irradiation system 
for a wavelength of 810 nm, there was used a dental 
semiconductor laser apparatus with an output variable to 
100 mW, produced by Yunitaku Co., Ltd. 

The laser beam 4 with each individual wavelength 
was guided by an optical fiber 1.0 mm in diameter, and 
was radiated directly onto the blood vessel sample 1. The 
irradiation time per run is 1 minute. 

The distance between the blood vessel sample 1 and 
the tip end of the optical fiber 5 was set to be 1 to 2 
mm, to avoid contact therebetween. 

The irradiation intensity of laser from the tip end 
of the optical fiber 5 was measured immediately before 
irradiation, by use of Field Master FM (produced by 
COHERENT, USA) . 

The degree of relaxation of the blood vessel sample 
1 was indicated in terms of percentage of noradrenaline 
contraction, and the results were expressed in terms of 

mean±SD. The experimental results, obtained at 33°C, are 
shown in Table 1. 
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Table 1 

Relaxation reactions (at 33°C) with laser beams different 
in intensity and wavelength 





Relaxation reaction (%) 


lmW 


4mW 


lOmW 


20mW 


50mW 


lOOmW 


532nm 


41.1±6.0 
(n=4) 






49.4±10. 4 
(n=4) 






810nm 




4.0±4.1 
(n=3) 


10. 6+6.7 
(n=3) 


12.6±8.7 
(n=3) 


26.3±14.8 
(n=3) 


5.2 
(n=l) 



To the blood vessel sample 1, i.e., the blood 



vessel (aorta) enucleated from the rat which was provided 
with a mild tonus by use of noradrenaline, the laser beam 
with a wavelength of 532 nm produced a comparatively 
strong relaxation (a relaxation reaction of suppressing 
the noradrenaline contraction by about 4 0%) at an 
intensity of 1 mW, whereas the laser beam with a 
wavelength of 810 nm produced little reaction at an 
intensity of 4 to 10 mW and only produced a slight 
relaxation at an intensity of 50 mW. 

In other words, the experimental results verified 
the usefulness of the laser beam with a visible region 
wavelength of 532 nm. 

When the same experiment was conducted by changing 
the temperature of the Krebs-bicarbonate solution from 



33°C to 36°C, the vasodilating action was greater at 33°C. 

Next, the results of an experiment in which an 
animal was wholly used will be shown below. The method 
and results of the experiment are as follows. 

A rat was used as an animal subjected to the 
experiment, the rat was anesthetized with pentobarbital, 
and a probe of a bloodstream measuring instrument 
(ADVANCE Laser Flowmeter AFL21R produced by ADVANCE Co., 
Ltd.) was put into close contact with the inside of an 
auricle part of the rat. 

From the outside of the auricle part, the auricle 
was clamped so that the radiating port of the laser 
irradiation apparatus is located directly above the probe 
on the inside. 

The bloodstream in the auricle part was recorded on 
a pen recorder. 

The bloodstream immediately upon 1 minute 
irradiation with laser and that immediately upon 5 
minutes irradiation with laser were shown in terms of 

their increase ratio (mean±SD) based on the bloodstream 
immediately before the irradiation. 

As for the temperature, a temperature measuring 
probe in place of the probe of the bloodstream measuring 
instrument was put into close contact with the inside of 
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the auricle part, then irradiation with laser was 
conducted in the same manner as above, and the 
temperature was recorded upon 1 minute irradiation, upon 
5 minutes irradiation, and upon 10 minutes irradiation. 
The results are shown in Table 2. 



Table 2 

Influences of laser on bloodstream in rat auricle part 



Wavelength 


Intensity 


Increase ratio ( % ) 


Upon 1 minute 
irradiation 


Upon 5 minute 
irradiation 


532nm 


5mW 


2.0±2.5 


9.8±10.2 


20mW 


43.6±34.8 


95.8±56.6 


810nm 


20mW 


2 .8±5.5 


6.5±13 



(n=4 to 5) 

The laser irradiation with a wavelength of 532 nm 



at an intensity of 5 mW and the laser irradiation with a 
wavelength of 810 nm at an intensity of 20 mW produced 
little influence on the bloodstream, whereas the laser 
irradiation with a wavelength of 532 nm at an intensity 
of 20 mW produced an increase in the bloodstream in the 
auricle dependently on time. 

Variations in the temperature during the 
irradiation were also investigated. The results are shown 



in Table 3. 



Table 3 



Variations in temperature of rat auricle part by laser 
irradiation 



Wavelengt 


Intensit 


Temperature (°C) 


h 


y 


Before 


Upon 1 


Upon 5 


Upon 10 






irradiatio 


minute 


minute 


minute 






n 


irradiatio 


irradiatio 


irradiatio 








n 


n 


n 


532nm 


20mW 


27.4 


28.9 


29.8 


29.8 


810nm 


20mW 


27.2 


28.9 


29.5 


29 



As seen from the results shown in Table 3, no 



difference in temperature variation was recognized 
between the wavelength of 532 nm and the wavelength of 
810 nm. Based on the results shown in Tables 2 and 3, 
therefore, the bloodstream increasing action observed 
attendant on the irradiation with laser is considered to 
be an influence of the laser beam itself. 

From the above experimental results, it is 
understood that the irradiation with a laser beam having 
a wavelength in the visible region has a vasodilating 
action. The vasodilating action leads to an acceleration 
of the circulation of blood, whereby diseases caused by 



hindrance of bloodstream in the fascias at the interface 
between the skin and the muscle or in the muscle at a 
subcutaneous deep part, such as muscle- or fascias- 
relating lumbago and stiff shoulders, can be alleviated. 

Since it has been found that the beam having a 
wavelength of 532 nm and a low energy (e.g., 1 mW) 
dilates the blood vessel strongly as above-described, a 
therapeutic effect can be expected when that much energy 
is made to reach the fascias present at the interface 
between the skin and the muscle at a subcutaneous deep 
part. 

However, the energy with a wavelength of 532 nm is 
liable to be absorbed by hemoglohin and the like, and is 
therefore poor in tissue depth reaching performance. For 
permitting an effective amount of the laser beam with the 
wavelength to reach a target part at a subcutaneous deep 
part, a high energy is needed. On the other hand, the use 
of only one light source may result in that the 
irradiated part of the skin is damaged by heat. 

In view of these points, in the present invention, 
beams with little irradiation energy are radiated from a 
plurality of directions, whereby the optical energy per 
beam is reduced, the influence of each individual beam on 
the skin is thereby reduced, and the plurality of 
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irradiation beams are concentrated onto the target part 
at a subcutaneous deep part, whereby a sufficient optical 
energy is supplied to the target part. 
[First Embodiment] 

Fig. 2 is a schematic diagram showing a 
circulation-accelerating laser irradiation system 
according to a first embodiment of the present invention. 

The circulation-accelerating laser irradiation 
system 1 according to the first embodiment has a 
plurality of laser irradiation units by which laser beams 
with such a wavelength as to have a vasodilating action 
are radiated as parallel beams from a plurality of 
different directions over a skin, and a concentrating 
device for concentrating the plurality of laser beams 
radiated from the plurality of laser irradiation units 
onto a subcutaneous target part. 

The laser irradiation unit includes a plurality of 
optical fibers 10, and a plurality of collimator lenses 
11 attached to the tip ends of the optical fibers 10. The 
other ends of the optical fibers 10 are connected to a 
laser beam generation unit 12. The laser beam generation 
unit 12 can supply laser beams respectively into the 
plurality of optical fibers 10. The laser beam generation 
unit 12 is further connected to a control unit 13. 
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The plurality of optical fibers 10 provided with 
the collimator lenses 11 at their tip ends are fixed by a 
holding member 16. The holding member 16 functions as a 
concentrating device, and position the optical fibers 10 
so that laser beams 15 radiated from the optical fibers 
10 are concentrated onto a target part (focus part) 51. 
This positioning ensures that the laser beams 15 incoming 
from the upper side of a skin 50 are concentrated onto 
the subcutaneous target part 51. The holding member 16 
has a configuration in which the optical fibers 10 are 
attached thereto by screws (not shown) or the like so 
that the concentration position can be changed according 
to the target part 51 . 

Actions of the circulation-accelerating laser 
irradiation system 1 will be described. 

When a therapy start signal is inputted by the user 
or the like, the control unit 13 starts controlling the 
laser beam generation unit 12. The laser beam generation 
unit 12 generates the laser beams 15 according to the 
control of the control unit 13. The laser beams 15 thus 
generated are transmitted by the optical fibers 10, and 
are converted into parallel beams by the collimator 
lenses 11. The laser beams 15 converted into the parallel 
beams are radiated on the living body, and are 



concentrated onto the target part 51. The diseased part 
is treated by the energy of the laser beams 15 thus 
concentrated . 

Here, the wavelength of the laser beams 15 
generated by the laser beam generation unit 12 is a 
wavelength in the visible region; specif ically, the 
wavelength is preferably 400 to 650 nm, particularly 400 
to 600 nm. The laser beams 15 from the individual optical 
fibers 10 may have an equal wavelength or different 
wavelengths in the wavelength range. 

In addition, the output energy is preferably not 
less than 5 mW per optical fiber 10. If the output energy 
is less than 5 mW, even where the laser beams 15 are 
radiated from the plurality of the optical fibers 10, the 
energy of each individual laser beam 15 is so weak that 
each individual laser beam 15 does not reach a part under 
the skin tissue, so that a therapeutic effect at the 
subcutaneous deep part cannot be expected. On the other 
hand, the output energy is desirably not more than 1000 
mW. If the output energy per optical fiber 10 is in 
excess of 1000 mW, there arises the fear of bad 
influences, such as damage to the skin tissue. 

In addition, the number of the optical fibers 10 
corresponding to the number of outgoing ports of the 
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laser beams 15 varies depending on the output energy per 
optical fiber 10, is not particularly limited; the number 
may be appropriately determined according to the purpose 
of the therapy or to the effect expected- It should be 
noted, however, that if the number of the optical fibers 
10 is too large, when the laser beams 15 from a plurality 
of semiconductor data devices are concentrated onto the 
target part 51, the total energy amount of the beams thus 
concentrated may produce a bad influence on the living 
body tissue, and, therefore, it is necessary to carefully 
set the total energy amount at the concentration part to 
a value of 50 mW or below. As to the upper limit of the 
output energy of the laser beams 15, sufficient attention 
must be paid according to the condition of the focus part 
or to the patient to be treated. Therefore, the above- 
mentioned values are not values which should necessarily 
be preferred. These values should naturally be determined 
while appropriately paying sufficient attention. From 
this point of view, the laser beam generation unit 12 is 
preferably so configured that its output can be regulated 
as required . 

Thus, in the first embodiment, the laser beams 15 
from the plurality of optical fibers 10 are radiated onto 
a living body, and are concentrated onto a subcutaneous 



target part 51 of the living body, whereby a sufficient 
energy for therapy can be obtained at the target part 51, 
notwithstanding each individual laser beam 15 has a weak 
output. Since it suffices for each individual laser beam 
15 to have a weak output, it is possible to prevent bad 
influences of the laser beam 15 from being exerted on the 
skin tissues irradiated with each individual laser beam 
15 and, simultaneously, to enhance the therapeutic effect 
on the target part 51 (i.e., focus part) through the 
concentration of the laser beams 15. 

In addition, since the concentrated laser beams 15 
reach the tissue under the skin 50 notwithstanding the 
output energy of each laser beam 15 is weak, the 
concentration of these laser beams 15 promises an 
effective therapy of a focus part present at a 
subcutaneous deep part, such as blood vessels in the 
fascias or muscle present under the subcutaneous fatty 
tissue in the cases of muscle- or fascias-related lumbago. 

Besides, with the plurality of laser beams 15 
radiated from many directions and concentrated onto the 
target part 51, it is possible to suppress the influences 
of the laser beams 15 on the surroundings of the target 
part 51, and to specify the part irradiated with the 
laser beams 15, thereby preventing the laser beams 15 
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from being concentrated onto other parts. 

Although the circulation-accelerating laser 
irradiation system 1 is used with a focus part at a 
subcutaneous deep part as the target part 51, it can be 
expected to be effective also for a peripheral 
circulation insufficiency present at a comparatively 
surface layer. Specifically, the circulation-accelerating 
laser irradiation system 1 is effective for treatment of 
a wide variety of diseases attendant on circulation 
inefficiency, such as muscle- or f ascias-related lumbago, 
stiff shoulders, stenocardia, bedsore, asteriosclerosis 
obliterans (ASO) , arteritis obliterans (Buerger's disease 
TAO) , and diabetic arterial obliteration, which are 
present subcutaneous ly . 

Furthermore, the circulation-accelerating laser 
irradiation system 1 is considered to be useful also for 
accelerating the cure of an operative wound, for which a 
therapeutic effect can be expected to be produced by 
improvement of bloodstream. 
[ Second Embodiment ] 

Fig. 3 is a schematic diagram showing a 
circulation-accelerating laser irradiation system 
according to a second embodiment of the present invention, 
and Fig. 4 is a diagram showing outgoing ports of laser 
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beams . 

The circulation-accelerating laser irradiation 
system 2 in the second embodiment includes a plurality of 
laser irradiation units by which laser beams with such a 
wavelength as to have a vasodilating action are radiated 
in a pulsed mode from positions over a skin, a holding 
member for positioning and fixing laser outgoing ports of 
the plurality of laser irradiation units in a radial 
pattern so that the laser beams are concentrated onto a 
subcutaneous target part, and a control unit for such a 
control that the irradiations by the plurality of laser 
irradiation units are conducted at time intervals. 

The laser irradiation unit is composed of a laser 
beam generation unit 22 for generating pulsed laser beams 
25, and optical fibers 20 for transmitting the laser 
beams 25 generated by the laser beam generation unit 22. 
The laser beam generation unit 22 is connected to the 
plurality of optical fibers 20, and can supply the laser 
beams respectively into the optical fibers 20. The laser 
beam generation unit 22 is connected further to a control 
unit 23 . 

The plurality of optical fibers 20 are fixed by a 
holding member 26. The holding member 26 positions the 
plurality of optical fibers. 20 so that laser beam 



outgoing ports 21 of the optical fibers 20 are arranged 
radially and that the laser beams 25 radiated from the 
optical fibers 20 in a pulsed mode are concentrated onto 
the target part (focus part) 51 (see Fig. 4). The laser 
beam 25 outgoing from the outgoing port 21 is not 
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converted into a parallel beam by a collimator lens or 
the like, so that the laser beam 25 is diffused, as shown 
in Fig . 3 . 

However, since the laser beams 25 are diffused from 
all the outgoing ports 21 at roughly equal angles, as 
shown in Fig. 3, so that a portion of each laser beam 
proceeds toward the target part 51. As a result, the 
laser beams 25 are concentrated into a position under the 
outgoing port 21a disposed at the center of the radial 
pattern. Therefore, with the target part 51 disposed on 
the lower side of the outgoing port 21a, the laser beams 
25 enters into the skin 50 from above and are 
concentrated to the subcutaneous target part 51. 

Incidentally, the holding member 26 has a 
configuration in which the optical fibers 20 are attached 
thereto by screws (not shown) or the like so that the 
laser beam concentration position can be conformed to the 
target part 51 by regulating the protrusion amounts of 
the optical fibers 20 or the like. 



Now, actions of the circulation-accelerating laser 
beam irradiation system 2 will be described. 

When a therapy start signal is inputted by the user 
or the like, the control unit 13 starts controlling the 
laser beam generation unit 12. The control unit 13 
performs such a control that the laser beams 25 are 
radiated from the outgoing ports 21 disposed in the 
radial pattern, at slight time intervals in the order 
from the outer side toward the inner side, as has been 
described above. Namely, the laser beams 25 are supplied 
at slight time intervals in the order from the optical 
fiber 20 corresponding to the outgoing port 21 on the 
outer side toward the optical fiber 20 corresponding to 
the outgoing port 21 on the inner side. 

The laser beams 25 supplied outgo at slight timer 
intervals, in the order from the outgoing port 21 on the 
outer side toward the outgoing port 21 on the inner side. 
Since the laser beams 25 outgoing in the order from the 
outgoing port 21 on the outer side are radiated in the 
order from the farthest from the target part 51, so that 
when the laser beams 25 are radiated at slight time 
intervals, the laser beams 25 reach the target part 51 
roughly simultaneously. 

Therefore, the target part 51 is irradiated with 
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the laser beams simultaneously, and is supplied with a 
high overall energy; on the other hand, each of other 
parts is not irradiated with the laser beams 
simultaneously, so that it is supplied only with low 
energy. As a result, at the target part 51, therapy can 
be conducted by the output of the laser beams 25, whereas 
at other parts, there is no influence of the output of 
the laser beams 15, and the normal living body would not 
be damaged. 

Thus, in the second embodiment, the outgoing ports 
21 of the optical fibers 20 are arranged in a radial 
pattern on a plane roughly parallel to the target part 51, 
and such a control is conducted that the laser beams. 25 
are radiated in the order from the outer side in the 
radial pattern, i.e., in the order from the farthest from 
the target part. 51. Therefore, at the target part 51, the 
laser beams 25 are simultaneously concentrated, so that a 
high energy can be applied to the target part 51. As a 
result, at the target part 51, an energy sufficient for 
therapy can be obtained, and the therapeutic effect can 
be enhanced through the concentration. 

On the other hand, at each of other parts than the 
target part 51, the laser beams 25 from the outgoing 
ports 21 would not be concentrated, and simultaneous 



irradiation with the laser beams 25 would not occur. 
Therefore, each of the other parts is not supplied with a 
high energy. As a result, at other parts than the target 
part 51, a high energy is not applied by the laser beams 
25, and the skin tissue can be prevented from being 
damaged. 

In addition to the above-mentioned effect, the same 
kind of effect as in the first embodiment is also 
obtained. Here, in the second embodiment, the laser beams 
25 are not converted into parallel beams by collimator 
lenses but are let diffuse, and, at other parts than the 
target part 51, such a control is conducted that the 
laser beams 25 from the different outgoing ports 21 would 
not reach simultaneously. Therefore, the energy supplied 
by the laser beams 25 is low at other parts than the 
target part 51, so that the influence exerted on the 
normal skin tissue is more reduced in the second 
embodiment . 

Incidentally, while an example of irradiating with 
the laser beams 25 at time intervals in the order from 
the outer side of the outgoing ports 21 has been 
described in the second embodiment, this mode is not 
limitative. For example, the irradiation with the laser 
beams 25 may be conducted at time intervals in the order 



from the inner side of the outgoing ports 21. Besides, 
the irradiation with the laser beams 25 may be conducted 
at random- In this case, also, the normal skin is not 
supplied with high energy, and can therefore be prevented 
from being damaged. In addition, the target part 51 is 
irradiated with the laser beams 25 not simultaneously but 
without interruption, so that sufficient energy is 
supplied only to the diseased part. 

In addition, a configuration in which the outgoing 
ports 21 of the optical fibers 20 are arranged in a 
radial pattern on a plane roughly parallel to the target 
part 51 has been described, the arrangement of the 
outgoing ports 21 is not limited to this configuration. 
The outgoing ports 21 may be arranged in a grid pattern 
or in a concentric circle pattern. Irrespectively of the 
mode of arrangement, by radiating the laser beams 25 in 
the order from the outer side toward the inner side of 
the plurality of outgoing ports 21 thus arranged, the 
laser beams 25 are concentrated on the target part 51 
simultaneously, and high energy can be applied to the 
target part 51 . 

Besides, while the case where pulsed laser beams 
are utilized as the laser beams has been described, 
continuous laser beams can also be used inasmuch as their 



output is on such a level as not to influence the skin 
surface . 

Further, a high-luminance LED having such a 
wavelength as to have the above-mentioned vasodilating 
action or the like can also be used, in place of the 
laser beam. 

Industrial Applicability 

According to the circulation-accelerating laser 
irradiation system of the present invention, the 
plurality of laser beams radiated from the plurality of 
laser irradiation means are concentrated onto a 
subcutaneous target part, so that a sufficient energy for 
therapy can be obtained at the target part 

notwithstanding the laser beam from each individual laser 
irradiation means has a weak output. Since each 
individual laser beam may be weak in output, it is 
possible to prevent the skin tissue irradiated with each 
individual laser beam from being badly influenced by the 
laser beam, and, simultaneously, to enhance the 
therapeutic effect on the target part (i.e., focus part) 
through the concentration of the laser beams. 

Besides, according to the another circulation- 
accelerating laser irradiation system, the radiation 
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ports of the laser irradiation means are positioned in a 
radial pattern, and the plurality of laser irradiation 
means are so controlled that the irradiation with the 
laser beams occur at time intervals. Therefore, at the 
target part, the laser beams are concentrated 
simultaneously to apply high energy to the target part. 
As a result, at the target part, a sufficient energy for 
therapy can be obtained, and the therapeutic effect can 
be enhanced through the concentration of the laser beams. 

On the other hand, at other parts than the target 
part, the laser beams from the outgoing ports are not 
concentrated, and simultaneous irradiation with the laser 
beams does not occur, so that high energy is not applied. 
As a result, at other parts than the target part, 
application of high energy by the laser beams does not 
occur, and the skin tissue can be prevented from being 
damaged. 
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